During 1987 to 1991, Taiwan aquaculturists increased their production of the giant freshwater prawn Macrobrachium rosenbergii from 1,400 tons to over 16,000 tons (FAO, 1994) , thereby reaching the top in the world in terms of yearly-expansion (overtaking a declin ing Thai fishery, in particular).
However, Taiwan's prawn production fell steeply in 1992 and 1993 due to a major outbreak of yeast infections during the winter months, along with an overall reduction in growth, which was thought to have been caused by inbreeding (New, 1995) . Bacterial diseases associated with Aeromonas, Pseudomonas, Vibrio, Beneckea and Leucothrix have been reported in Brazilian prawn hatcheries (Lombardi and Labao, 1991a, b) , where they led to iblack-spoti bacterial necrosis and gill obstruction.
Brady and Lasso (1992) have also reported a predominance of Aeromonas spp., Bacillus spp., and Pseudomonas spp. among bacteria isolated from the hemolymph of dis eased prawns. More significantly, both Aeromonas and Pseudomonas species have been isolated from the hepatopancreas of healthy-looking prawns (Sung and Hong, 1997) , so that Aeromonas species may function as opportunistic pathogens (Sung et al., 2000) . Muscle necrosis of M. rosenbergii has been found to occur in Taiwan only during the summer, and especially during phytoplankton blooms (Cheng and Chen, 1998a) . The causative bacterial pathogen has been identified as Lactococcus garvieae (Chen et al., 2001) . Therefore, in order to clarify the pathogenicity of Aeromonas and Lactococcus and prawn defense mechanism for effec tive disease control, we examined the immune responses of prawns to infection with much attention of phenoloxidase activity.
The primary immune response in crustaceans is a nonspecific cellular response (Anderson, 1992) . Ac cording to previous studies (Soderhall, 1982; Smith and Soderhall 1991) , several proteins associated with the hemocyte prophenoloxidase-activat ing system (PAS) play an important role in non-self rec-ognition  and  host  defense  for  elimination  of foreign   particles  in the body  cavity  of crayfish  and  other  crusta ceans (Soderhall et al., 1994 (Sung et al., 1994) or as a result of the injection procedure (Sung et al., 2000) . Statistics All data from the experiments described above, including measurements of two types of PO activity (POS and POT), were statistically analyzed using ANOVA and Duncan's multiple range tests with a specified signifi cance level of p<0.05.
Results
To avoid the spontaneous elicitation of PO activity via experimental manipulations, the effect of trypsin in hibitor (TI) on PO activity was first examined.
By com parison with HLS without TI, PO activity of HLS treated with TI was significantly reduced and was dose-depen dent (Fig. 1B) . To determine whether or not trypsin can neutralize the inhibition effect of TI on PO activity, PO activity was measured after treatment of HLS with trypsin. As shown in Fig. 1A , 0.5 mg/mL of trypsin added to HLS was enough to elicit a maximum PO activity. A maximum relative PO activity of HLS, which was prepared with either anticoagulant containing TI or CAC buffer containing TI, could be detected and was not different from control HLS prepared without TI (Figs. 1C  and 1D ). The results indicate that trypsin can not only neutralize the effect of TI but also catalyze proPO to form PO. Furthermore, we found that PO activity of HLS prepared with TI-containing CAC buffer was not dif ferent from that with Ca2+-free CAC buffer (data not shown). Therefore, in the following experiments, HLS was prepared with TI-containing anticoagulant (final con centration of 0.3 mg/mL) and Ca2+-free CAC buffer. In
addition, challenge-stimulated PO activity (P05) and to tal intrahemocytic PO activity (POT) were measured in HLS without or with trypsin (final concentration of 0.5 mg/mL). The total hemocyte counts (THCs) were shown to decrease in prawns that were injected with either PBS or A. veronii at 1/10 of the LD50i but remained stable in uninjected prawns (Table 1) . A significant increase in the percentage of granulocytes in the hemolymph was detected after challenge with bacterial cells (p<0 .05); however, in PBS-injected prawns, the proportion of granulocyte did not vary significantly within 24 h post-in jection (Table 1 ).
After challenge with 1/10 of the LD50 of A. veronii, the relative POT of prawns was found to increase signifi cantly from 6 h to 24 h post-injection, with the highest activity at 18 h post-injection (Fig. 2) . Whereas, after challenge with 1/10 of the LD50 L. garvieae, the POT was found to increase significantly at 6 h post-injection , al though reduced to its pre-challenge level at 24 h (Fig .  2) . A comparison of two types of PO activities after challenge with two bacterial species showed that POs values of prawns challenged with L. garvieae were higher than those of prawns challenged with A. veronii from 6 h to 18 h post-injection, and that a higher POT was detected at both 18 h and 24 h post-injection with A. higher than that 6 h after injection with L. garvieae. A maximum in POS was detected at 18 h and a significant increase was still detected at 24 h after challenge with either L. garvieae or A. veronii. No difference was found between the POS in the two test groups (Fig. 3) . The results showed that the relative POT increased after challenge with either viable or inactivated L. garvieae or A. veronii (Fig. 4) . A maximum in POT of prawns injected with either viable or inactivated A. veronii at a dose of 102 cells/g of prawn was detected at 18 h, but all POT values detected after injection with viable cells were found to be higher than those after injection with inactivated cells. Furthermore, the ap pearance of a maximum POT after injection with a high dose of bacterial cells (105 cells/g) was detected at 6 h after injection (Fig. 4A) . As for injection with L.
garvieae, a maximum in POT was observed at 6 h and 18 h after challenge with viable cells and inactivated cells, respectively.
Also, the POT stimulated by viable cells was found to be significantly higher than that stimulated by inactivated cells (Fig. 4B) . 
Discussion
The prophenoloxidase-activating system (PAS) is easily elicited by several environmental and biological factors, and even by experimental manipulations . In this study, we found that PO formation from intrahemocytic proPO can be inhibited when hemocytes are collected from each prawn by using anticoagulant containing trypsin inhibitor (TI) (Fig. 1C) . In future ex periments, we suggest that TI should be used to avoid spontaneouse elicitation of proPO. Furthermore , total intrahemocytic proPO can be activated to form PO when HLS is treated with trypsin (Fig. 1D) . Therefore , chal lenge-stimulated PO activity (POS) can be directly de tected when HLS is prepared with TI-anticoagulant but not treated with trypsin; whereas, the total intrahemocytic PO activity (POT), which can be repre sentative of the total intrahemocytic proPO content of prawns, can be detected when HLS is treated with trypsin. Smith (1990) indicated that fast-growing pathogens are able to overwhelm the initial and non-specific defense responses of crustaceans and cause diseases before more powerful immune defense begins to operate fully. Both types of defense are likely to succeed in functioning against slow-growing pathogens.
Previous studies have also shown that prawns are able to clear invading bacteria from their hemolymph within 4-6 h (Adams, 1991; Martin et al., 1993; Sung et al., 1996) ; as in other decapods, a large number of bacteria may be removed directly by phagocytosis.
The PAS, which functions in non-self recognition and host defense (Soderhall,1982; Ratcliffe et al., 1985; Smith and Soderhall,1991) has been shown to be directly involved in the communication between hemocytes and also in the elimination of foreign particles from the body cavity of crayfish (Soderhall et al., 1994) . Previous studies have suggested that both the A. veronii strain and L. garvieae strain function as opportunistic pathogens and only cause disease in prawns that have already weakened due to environmental stresses (Sung et al., 2000; Chen and Cheng, 1998b and 1999) . Results from challenge experiments have shown that the growth of A. veronii strain was faster than that of L. garvieae strain, and that the virulence of A. veronii strain was greater than that of L. garvieae strain (Sung et al., 2000; Sung and Sun, 2002) . In this study, in contrast to the changes in POS activities measured after prawns were challenged with L. garvieae, the PO activity was not significantly enhanced immediately after prawns were challenged with either viable A. veronii at a low dose (Fig. 2) or inactivated A . veronii at a high dose (Fig. 3) . The results suggest that , due to the fact that the virulence of A. veronii is greater than that of L. garvieae, the fast-growing A. veronii may delay the activation of the proPO system.
Since PO activity is not immediately induced after infection , the ini- 
